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28a Sunday, February 3, 2013position with respect to the macromolecule. The structure of the 4WJ was com-
pared with FRET restrained structures of related RNA 3WJs, where one stem
was removed. The types of 3WJs were studied: (I) without bulges, (II) with
a small bulge (two unpaired nucleotides) and (III) with larger bulge (5 unpaired
nucleotides). In conclusion the overall geometry of the RNA helices depends
drastically on the junction type.
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[2] Sindbert, S., et al.; J. Am. Chem. Soc. 133, 2463-2480 (2011)
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A riboswitch is a non-coding region of an mRNA which recognizes a specific
metabolite and regulates the expression of the mRNA itself. They are com-
posed of two domains: an aptamer domain which recognizes a metabolite,
and downstream expression platform. It is believed that metabolite binding
to the aptamer domain induces a structural change of the riboswitch, signaling
‘‘on’’ or ‘‘off’’ for the transcription or translation of the mRNA.Recent publi-
cations of a number of high-resolution structures of ligand-bound aptamer do-
mains (halo-form) greatly contributed to our understanding of how the
riboswitches interact with their natural ligands at the atomic-level. However,
little is known about the nature of the unbound form of riboswitches (apo-
form), and how conformational changes of riboswitches is induced by binding
of a ligand to the aptamer domain.We used fluorescence resonance energy
transfer (FRET) to study conformational dynamics of the Escherichia coli
thiM TPP (thiamine pyrophosphate) riboswitch. We found that even though
the apo-aptamer dynamically samples a closed conformation resembling the
halo-aptamer, both the open form and the closed form recognize the ligand
with equal preference. And the final structural transition of the riboswitch in-
duced by the ligand is also observed. Both indicate that the ligand is recognized
via the induced-fit mechanism. Furthermore, the role of Mg ions on the ligand
recognition mechanism will be also discussed.
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DNA is constantly being modified by exogenous and endogenous agents, lead-
ing to covalent changes to its structure and, if left unrepaired, to permanent
changes in sequence. We use a wide variety of biophysical techniques to exam-
ine the effect on DNA structure and dynamics of the common base lesion 8-ox-
oguanine, the cis-syn thymine dimer lesion, single-base mismatches, and
bubbles. The stability of duplex formation in the presence of these disturbances
is explored using UV melting thermodynamics, calorimetry, and single-
molecule force measurements. Duplex structure is analyzed using small mole-
cule reactive probes, circular dichroism, and NOESY spectroscopy. NMR pro-
ton exchange experiments reveal locations of dynamic changes to the DNA
duplex, including base pair opening and flexibility. By bringing a diverse set
of techniques to bear on each non-canonical structure, we have shown the
8oxoG lesion to be surprisingly stable, while the thymine dimer lesion is sig-
nificantly more labile. Even Hoogsteen-binding "wobble" mismatches can ef-
fect the kinetics and thermodynamics of duplex formation in surprising
ways. These results complement and extend the information obtained by crys-
tallographic methods to include dynamic and thermodynamic factors.
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The structure of unfolded, flexible polyelectrolytes in solution, while an impor-
tant subject for understanding various biological and technological phenomena
such as RNA and protein folding and the self-assembly of DNA nanostructures,
is poorly understood. While it is well-known and tested that semi-flexible
polyelectrolytes, such as dsDNA, behave as Worm-Like Chains (WLC) with
a scale-dependent electrostatic persistence length, validity of this model for
flexible polyelectrolytes is doubtful. However, throughout the literature, data
on flexible polyelectrolytes are naively fit to WLC models due to the simplicity
of the analytical expressions. Here, we examine the validity of the WLC model
for flexible polyelectrolytes using single-molecule force spectroscopy on
ssDNA. We find that the force-extension data cannot be adequately fit to the
Marko-Siggia prediction for the WLC even after accounting for electrostaticeffects. Rather, our data reveal a self-avoiding walk regime consistent with
scaling predictions at low force followed by a regime where the extension
scales as a logarithm with force over a broad range of moderate forces and
monovalent salt concentrations. Further, we run molecular dynamics simula-
tions on a bead-spring model polyelectrolyte under tension and reproduce
this logarithmic behavior in monovalent salt, indicating that it is indeed a gen-
eral behavior for flexible polyelectrolytes. Examining the structure factor of the
simulated polymer reveals a highly wrinkled, ion-stabilized structure at length
scales smaller than a Debye length which defies characterization as aWLC. Ad-
dition of divalent salt to either the simulation or experiment results in enhanced
flexibility indicating increased wrinkling or polymer ‘‘wrapping’’ around the
divalent ions.
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Programmed self-assembly of RNA and DNA provides a powerful approach to
designing active, functional nanometer-scale structures for biomolecular
science and technology. Scaffolded DNA Origami employs a long single-
stranded DNA template to guide the hybridization of hundreds of shorter oligo-
nucleotide staple strands to form twisted and bent double-stranded DNA
structures of high precision and yield with well-defined mechanical properties.
Biophysical models of nanostructure formation and stability are needed to in-
form the DNA Origami design process, which currently proceeds largely based
on physical intuition and trial-and-error. Here we present a physics-based
model for DNA Origami that incorporates double-stranded DNA mechanical
properties in addition to screened electrostatic interactions on 3D solution
shape and flexibility. Results are presented in detail for an eight-layer DNA
Origami block designed on a square lattice (Ke et al., JACS 2009), whose
3D solution shape is computed under experimental folding conditions, reveal-
ing an undulating pattern of individual DNA double helices due to interhelix
electrostatic repulsion. Effects of crossover spacing on solution shape and me-
chanical properties are also discussed.
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DNAmethylation occurs in CpG dinucleotides when a methyl group is added at
the carbon 5 position of the C base ring, and it has an important role in regu-
lating gene expression in higher eukaryotes. It is known that when cytosine ba-
ses are methylated, gene is silenced, but the precise role of methylated DNA in
this process is still debated, and the mechanism by which methylation affects
gene expression remains poorly understood.
One hypothesis is that the methylation state of a DNA segment can alter the
positions of nucleosomes, which in turn, determine gene expression. Several
studies point to a strong link between CpG methylation and nucleosome posi-
tioning, but these effects might be indirect because methylation influences the
binding of other factors, which could in turn trigger nucleosome repositioning.
Because methylation chemically modifies DNA, the methylation status of
a DNA sequence could influence its flexibility and, thus, its affinity to the nu-
cleosome. Recent experimental studies suggest that CpG methylation can de-
crease the ability of DNA to bend into the major groove at the methylated
site, and can thereby influence nucleosome positioning.
To test the idea that methylation affects the ability of DNA to bend, we per-
formed MD simulations of short DNA segments using an all atom force field.
DNA conformations were characterized using the six rigid body base-pair step
parameters, the minor groove width and the hybridization state. These proper-
ties were measured and compared for dsDNA segments in both the unmethy-
lated and methylated states. In addition, all atom trajectories for both the
cases were analyzed to extract a new set of parameters for a coarse grain model
for DNA that can now be used to study the effects of methylation in larger DNA
systems such as nucleosomes.
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In most organisms DNA is negatively supercoiled, which plays an important
role in a variety of cellular processes. Supercoiling also forms the driving force
for DNA compaction into chromosomes. Structurally, DNA under negative tor-
sion can stay in a linear stretched and twisted configuration, can transit into
plectonemes or can unwind its helix to form bubbles of melted DNA. The
